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Recent results include the measurement of B — > D(*)7r+7r~7r~ it" decays, with rates of ~1.8%, obser- 
vation of a significant u>ir~ substructure that appears to result from the decay of the p' resonance, 
whose mass and width we determine as 1418 MeV and 382 MeV, respectively. Using B to charmonium 
decays we find that the B° fraction in T(4S) decays is nearly half, that the CP asymmetries in J/tpK^ 
and ip'K^ are small, and we also report on the first observation of B — > rj c K. 



1 Introduction 

Understanding hadronic decays of the B is 
crucial to insuring that decay modes used 
for measurement of CP violation truly re- 
flect the underlying quark decay mechanisms 
expected theoretically. Most of the decay 
rate is hadronic. The semilcptonic branchy 
ing ratio for e~, ^ and totals ~25%Jil 
Currently, measured exclusive branching ra- 
tios for hadronic B decays total only a small 
fraction of the hadronic width. The mea- 
sured modes for the B , including D + (mt)~ , 
D*+(mr)-, where 3 > n > 1, D+^D7 { *^ 
and J ftp exclusive, totals only about 10%.lil 
Thus our understanding of hadronic B de- 
cay modes is not yet well based in data. It 
is also interesting to note that the average 
charged multiplicity in hadronic B° decays 
is 5.8±0.lfl Since this multiplicity contains 
contributions from the D + or D* + normally 
present in B decay, we expect a sizeable, ap- 
proximately several percenL decay rate into 
final states with four pions.Q 



2 First Observation of the p 1 in B 
Decays 

We have made the first statistically signifi- 
cant observations of six hadronic B decays 
shown in Table |l| that result frorcL studying 
the reaction B -» D^t: + tt-tt-t: B 

A significant fraction of the final state is 
_D(*)cj7r~, and there is a low-mass resonant 



Table 1. Measured Branching Ratios 



Mode 


B (%) 


B° -> L>*+7r+7r-7r~7r° 


1.72±0.14±0.24 


B° -> D*+lutt- 


0.29±0.03±0.04 


B° -> D+ujti- 


0.28±0.05±0.03 


B - _^ £,*°7r+7r-7r - 7r 


1.80±0.24±0.25 




0.45±0.10±0.07 


B~ -> D°lo-k- 


0.41±0.07±0.04 



substructure in the lutt~ mass. (See Fig. [I]) 
A simple Breit-Wigner fit assuming a single 
resonance and no background gives a mass of 
1418±26±19 MeV with an intrinsic width of 
382±41±32 MeV. 

We determine the spin and parity of the 
ujh~ resonance (denoted A temporarily) by 
considering the decay sequence B — > A D\ 
A — > lott and uj — > tt + tt^tt° . 

The angular distributions are shown in 
Fig. ||. Here 8a is the angle between the w 
direction in the A rest frame and the A direc- 
tion in the B rest frame; 8^ is the orientation 
of the u> decay plane in the lo rest frame, and 
X is the angle between the A and to decay 
planes. 

The data are fit to the expectations for 
the various J p assignments. The uo polariza- 
tion is very clearly transverse (sin 2 8^) and 
that infers a 1~ or 2 + assignment. The cos 8 a 
distribution prefers 1~, as does the fit to all 
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Figure 1. (left) The background subtracted u>n mass spectrum from B — » D* + u)ir 
Breit-Wigner shape, (right) Same for B — > Du)tt~ decays (D° and D + are summed). 



decays fit to a simple 
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Figure 2. The angular distribution of 8 a (top-left), 8^ (top-right) and x (bottom). The curves show the best 
fits to the data for for different J p assignments. The - and 1+ are almost indistinguishable in cos 8 a, while 
the 1~ and 2+ are indistinguishable in cosd^ and \. The vertical axis gives efficiency corrected events, 104 
events are used. 



three projections. Thus this state is likely to 
be the elusive p' resonance.B These are by 
far the most accurate and least model de- 
pendent measurements of the p' parameters. 
The p' dominates the final state. (Thus the 
branching ratios for the D^wtt" apply also 
for £K*y-.) 

Heavy quark symmetry predicts equal 
partial widths for D*p' and Dp'. We mea- 
sure the relative rates to be 1.06±0.17±0.04 ; 
consistent within our relatively large errors. 

Factorization predicts that the fraction 
of longitudinal polarization of the D* + is the 
same as in the related semileptonic decay 



B — ► D*£ v at four-momentum transfer q 2 
equal to the mass-squared of the p' 

T L (B -> D*+p'-) _T L {B -> D*l~v) 



Y(B-, D*+p' 



r (b 



D*t-v) 

(1) 

Our measurement of the D* + polarization is 
(63±9)%. The model predictions in semilep- 
tonic decays for a q 2 of 2 GeV 2 , are between 
66.9 and 72.6%.! Fig. | shows the measured 
polarizations for the D* + p'~ , the 
and the D* + D*~ final states. The latter is 
based on a new measurement using partial 
reconstruction of the D* + B Thus this pre- 
diction of factorization is satisfied. 
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Figure 3. Measured £>*+ polarization versus model 
predictions. 



New Results from 

B — > Charmonium Decays 



3.1 



■foe 

f+- 



B(T(4S)^B°B°) 



B(r(4S)— vB+B~) 

We measured an important although often 
overlooked, parameter that effects every B° 
or B + branching ratio measured on the 
T(4S f ) resonance. We determined the ra- 
tio of the number of B°B pairs versus the 
number of B~ B + pairs by measuring the ra- 
tio of widths of two-body final states of the 
type V ( ' 3 if W - Since the ip is 1=0 and the B 
and K are 1=1/2, the decay is pure AI=l/2 
and therefore the individual channels, such 
as tpK, must have the same decay widths for 
B° and B+. We find 4 3S -= 1.04±0.07±0.04, 
which yields nearly equal rates for charged 
and neutral B% i.e. f ao = 0.49±0.02±0.01 .1 



3.2 Limits on CP Violation in 

-> J/xp (or ip') 

In the Standard Model only one decay ampli- 
tude dominates for decays of the type B T — » 
charmonium . CLEO measured asymme- 
tries consistent with zero for the J/tp and tp' 
cases: (1.8±iL3± 0.4)% and (2.0±9.1±1.0)%, 
respectively.lI9 

3.3 First Measurement of B(B — > rj c K) 

We observe exclusive final states with the 
cc being the rj c f^ The rates are B(B~ 
rj c K-) = (6.9±l;f ± 0.8 ± 2.0) x lO" 3 and 
B(B° -> r] c K°) = (10.9i^±1.2±3.1)xl0- 3 . 



These rates are large, similar to those for the 
J/tpK final state. 

4 Conclusions 

Recent CLEO data has vastly increased our 
knowledge about hadronic B decays. We 
have seen the elusive p' and have the best 
measurement of its mass and width. Factor- 
ization when applied to polarizations appears 
to work in D* + plus p, p' and D* decays. The 
rates of the T(45) into charged and neutral 
B's has been accurately determined and the 
first observation of B — » r\ c K decays has been 
made. Much however remains to be learned. 
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